We have reported a one-step method for creating one-dimensional metallic nanoarrays on surfaces. This method is based on the processes of solvent vapor-induced buildup and controlled drying front movement, and forms parallelly aligned metallic nanoarrays exceeding several hundred micrometers in length on a poly(dimethylsiloxane) (PDMS) sheet. Strong light scattering originating from highly localized electromagnetic (light) fields was observed on prepared metallic nanoarrays. Furthermore, the enhancement of electromagnetic fields localized on prepared metallic nanoarrays strongly depended on the incident-light polarization.
Highly Localized Light Field on Metallic Nanoarrays Prepared with DNA Nanofibers
Hidenobu NAKAO,* † Hideki HAYASHI,** Hiroshi SHIIGI,*** and Kazushi MIKI* We have reported a one-step method for creating one-dimensional metallic nanoarrays on surfaces. This method is based on the processes of solvent vapor-induced buildup and controlled drying front movement, and forms parallelly aligned metallic nanoarrays exceeding several hundred micrometers in length on a poly(dimethylsiloxane) (PDMS) sheet. Strong light scattering originating from highly localized electromagnetic (light) fields was observed on prepared metallic nanoarrays. Furthermore, the enhancement of electromagnetic fields localized on prepared metallic nanoarrays strongly depended on the incident-light polarization. Metal nanoparticles (MNPs) and their structures are known to exhibit strong interactions with light. Furthermore, the size, shape, and structure of these particles determine the optical properties, such as the resonant frequencies, field distributions and field enhancements. 1 In particular, closely spaced MNPs pairs are responsible for a strong signal enhancement of surface-enhanced Raman spectroscopy (SERS). [2] [3] [4] [5] Thus, it should be of great interest to construct various architectures of ordered MNPs, and to investigate the light localized on such architectures. In this work, we present a simple method for creating one-dimensional (1D) metallic nanoarrays on surfaces and observations of light scattering from them with a dark-field optical microscope.
Most recently, we developed a simple method to create highly aligned DNA nanofibers on a surface. 6 This method is based on the processes of solvent vapor-induced buildup and controlled drying front movement and forms parallel aligned DNA nanofibers exceeding several hundred micrometers in length and 40 nm in diameter on a poly(dimethylsiloxane) (PDMS) sheet. Various MNPs could also be attached to such nanofibers, forming metallic nanoarrays with a longer scale. We then tried the formation of metallic nanoarrays with the above method. First, to attach gold nanoparticles (AuNPs) to DNA, 10 μL of positively charged AuNPs (143 μg mL -1 , see Supporting Information) and 100 μL of λ-DNA (4.5 ng μL -1 ) were mixed. Then, 1 μL of the mixture was added to 8 μL of ethanol, and this solution was deposited on a PDMS sheet. The PDMS sheet was tilted at 15 during solvent evaporation to move the drying front downwards. Solvent evaporation lead to a decrease in the volume of the solution, leaving behind line patterns. Line patterns of metallic nanoarrays were formed when AuNPs-attached DNA was continuously deposited at highly concentrated finger positions (see Supporting Information). Figure 1 is a dark-field optical microscope image showing metallic nanoarrays prepared on a PDMS sheet. Dark-field optical microscopy enables the observation of the localized plasmon resonance (LPR) of single MNPs. In dark-field optical microscopy, only light scattered by the structure being studied is collected in the detection path, while directly transmitted light is blocked using a dark-field condenser. In general, individual spheres of AuNPs are observed as green particles originating from its LPR colors. 5 When MNPs are organized in closely spaced arrays, their LPR peak is shifted towards low energy, and an increase in the bandwidth is observed because the dielectric constant of the surrounding MNPs is increased. 1 Thus, many reddish lines originating from their LPR indicate that many AuNPs are assembled along DNA nanofibers. Although the curvature of the lines at the edges of the surface was due to the shape of the meniscus movement, they were aligned parallel to the moving drying front of the solvent. Metallic nanoarrays also exceeded several hundred micrometers in length, and could be made within 30 min.
We also observed dark-field optical images of our metallic nanoarrays under light polarization. The scattering light intensity of metallic nanoarrays is stronger when the light is polarized parallel to the arrays, while they are weaker for vertical polarization (Figs. 2(a) and 2(b) ). Furthermore, the scattering intensity exhibited a cosine-like dependence on the polarization angle (Fig. 2(c) ). The enhancement of the light field localized in gaps between MNPs also strongly depends on the incident light polarization. 4 For uniaxial alignment of ordered MNPs, polarization parallel to the uniaxial alignment enhances light field localization in gaps between MNPs, leading to strong light scattering from ordered MNPs. In contrast, vertical polarization to the uniaxial alignment does not enhance light-field localization. Thus, the above result indicates that the alignment of AuNPs onto DNA nanofibers was preferentially
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uniaxial to the fiber axis. The intensity ratio was ~2, and this contrast could be further improved by increasing the uniformity of AuNPs-attaching to DNA nanofibers. Currently, to utilize our metallic nanoarrays as SERS chips for single-molecule detection and optical waveguides below the diffraction limit, further investigations, such as spectroscopy and light propagations on metallic nanoarrays are being conducted. 
